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AMENDMENTS TO THE SPECIFICATION 
Please replace paragraph 0002 with the following rewritten paragraph. 
[0002] Reciprocating motion of piston engines and positive displacement compressors 
have mechanical limitations on their maximum rotations per minute due to the stresses and wear 
incurred by reciprocating motion. Other Fete? rotary motion positive displacement devices that 
have rotors on parallel axes of rotation such as shown in U.S. Pat. No. 3,850,150 employ a 
plurality of interior rotors, however, the spurs of the interior rotors are not adapted to engage 
either end of the recesses of the outer rotor simultaneously for more than a single point of 
rotation. Therefore it is not possible to have a sealed displacement chamber in the recesses of the 
outer rotor. 

Please replace paragraph 0008 with the following rewritten paragraph, 
[0008] The invention is particularly advantageous as a compressor that positively 
displaces the gas and in one embodiment the exit port location with respect to the housing is 
adjusted in order to decrease the pressure differential between an exit chamber and the exit 
pressure. By altering the porting the invention can be used as a pump to displace incompressible 
fluids. 

Please replace paragraph 0049 with the following rewritten paragraph. 

[0049] The inner rotor wh ee l 24 has a center of rotation indicated at 50 and a plurality of 
legs 52. Each leg has a foot portion 54 that has a heel portion 56 and a toe portion 58. The foot 
54 further comprises a radially outward surface 60. The heel portion 56 has a contact surface 62 
that is adapted to engage the rearward surface 34 of the fins 28. The toe portion 58 has an 
engag e ment toe surface 64 that as adapted to engage the forward surface 32 of the fins 28, 

Please replace paragraph 005 1 with the following rewritten paragraph. 

[0051] There will now be a discussion of the geometric relationship between the inner 
rotor wh ee l 24 and the outer rotor wh ee l 22. As previously mentioned above, FIG. 2 shows an 
embodiment where the rotor \^4ieel 24 has nine legs 52 with nine corresponding foot portions 54. 
The radially outward surface surfaces 60 of the foot portions 54 define at least in part a circular 
cylinder in the transverse axis about center point at 50. As shown in FIG. 2, there are twelve semi 
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chamber regions 42 of the outer rotor wh ee l 22. The number of semi chamber regions in the 
outer wheel in the embodiment shown in FIG. 2 is twice the number of legs 52 of inner rotor 

Please replace paragraph 0052 with the following rewritten paragraph. 

[0052] As previously mentioned above, in the first embodiment the circumference the 
outer reference circle 80 of the outer rotor wheel 22 is exactly twice the circumference of the 
inner reference circle 82 of the inner rotor whe e l 24. Therefore, as the inner rotor wh ee l 24 
rotates about center point 50, the inner rotor's wh e el's rotations per minute is exactly twice the 
rotations per minute of the outer rotor ^^4ieel 22. The ratio between the circumferences of the 
inner rotor wh ee l 24 and the outer rotor wh ee l 22 is a factor of two. As discussed further herein 
the ratios between the inner rotors wh ee ls and the outer rotor will be the ratio of the number of 
legs 52 and fins 28 of the inner and outer rotors as a direct relationship with ratio of the inner and 
outer radii of the irmer and outer rotors 24 and 22. In other words the number of legs (A)divided 
by the number of chambers (X) defined by the fins is equal to the radius of the irmer reference 
circle r.sub.l divided by the outer reference circle ro (i.e. A./X=rj/ro). 

Please replace paragraph 0053 with the following rewritten paragraph. 

[0053] Of course there is a linear relationship between the radius, diameter, and 
circumference of a circle. Therefore, the ratios between the diameter of the iimer rotor wh ee l 24 
and the diameter of the outer rotor wh ee l 22 is the same as the ratio between the circumference of 
the inner rotor wh ee l 24 and the circumference of the outer rotor wh ee l 22. 



Please replace paragraph 0056 with the following rewritten paragraph. 

[0056] By having the inner radius n one-half the length of the outer radius ro there is an 
interesting mathematical phenomena where points 86 define linear lines on the outer circle 80 
during dual rotation. In other words, as the circles rotate in the dual rotation fashion point 86d 
defines straight line [[84d']] 84d. Likewise, all of the points about the circumference of the inner 
circle define straight lines radially extending fi'om the center point 26 are the outer circle 80 
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Please replace paragraph 0057 with the following rewritten paragraph. 

[0057] With the foregoing geometric relationships in mind, reference is now made to 
FIG. 10 where the inner and outer circles 80 and 82 are superimposed upon the rotor assembly of 
the first embodiment. The point 86a is located on the toe portion of leg 52a and point 84a is at 
the exact same location. This location is referred to as the contact point where the circumference 
is of the inner circle 82 and the outer circle 80 cross. The line 84a* extends to point 86a when 
point 86a is in the contact point position. The toe surface 64 is defined by a semi circle having a 
center point at 84a and a radius of 90a (see FIG. 11). The center of semi circl e toe surface 64 is 
point 86a. Therefore all points along toe surface 64 are equidistant fi-om the point 86a at a 
distance 90a. To reiterate the geometric relationship phenomenon, as the inner and outer rotors 
24 and 22 rotate in the dual rotation scheme described above, the point 86a will travel along the 
line 84a', Therefore, rearward surface 32a must be parallel to line 84a*. In other words, as point 
86a travels radially inwardly along line 84a* during the dual rotation scheme, the surface 32a 
must be parallel to radially extending line 84a* to avoid interference between surfac e s the surface 
32a and the toe surface 64. 

Please replace paragraph 0058 with the following rewritten paragraph. 

[0058] In a similar analysis to describe surface 34a, line 84b*' extends radially fi-om 
center point 26 through 86b" located on the heel portion of leg 52b. The heel surface 62 is a semi 
circle in the lateral plane defined by a radius 92b about point 86b". As the point 86b" travels 
radially inward along line 84b" towards the center of the outer circle 80, the semi circle toe 
surface 62 will maintain contact along forward surface 34a because this surface is perpendicular 
to line 84b". The same analysis can be conducted for all of the fins 28 with the respective legs 52 
38 hn e adjac e nt lined adjacent t hereto. 

Please replace paragraph 0059 with the following rewritten paragraph. 

[0059] It should be noted that the preferred surface for the first embodiment for heel and 
toe heel surfaces 62 and 64 is a semi circle about a point. The semi circle allows the fins to have 
non-curved surfaces that radially extend fi-om the outer reference circle 80. Other circular shapes 
for the heel and toe surfaces 62 and 64 could be employed with a varying radius. 
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Please replace paragraph 0064 with the following rewritten paragraph. 

[0064] The airflow into and out of the rotor assembly 20 is accomplished by the 
exit/entrance portion 96, the discharge region 98, and finally the entrance region 100. The 
exit/entrance portion 96 comprises an exit passage 122 and an entrance passage 124. The exit 
passage 122 comprises a first surface 126, a second surface 128 and upper and lower surfaces 
130 and 132, A boundary comer is defined at numeral 134 and a second comer portion is 
indicated at 136. The entrance passage 124 comprises a first surface 138, a second surface 140, 
an upper and lower surfaces 1 4 2 and 144. A comer portion 146 is located at the juncture between 
surface 1 12b and first surface 138. 

Please replace paragraph 0066 with the following rewritten paragraph. 

[0066] To properly understand the air flow scheme of the apparatus 20 there will first be 
a discussion of the chamber volume displacement. In general, a compression chamber 148 is 
defined by the radially outward surface 60a, the forward surface 32a, the rearward surface 34b 
the radially inward surface 1 12a and finally the upper and lower surfaces of the outer rotor wh ee l 
22. As shown in FIG. 4, as soon as the heel surface 62 of the heel portion 56 engages the radially 
inward portion of rearward surface 34b the sealed pressure chamber 148 begins to change in 
volume. The chamber 148 is sealed between the inner rotor 24, the outer rotor 26, and the 
housing 25. The radially inward portion of fin 28a is in tight communication with radially 
outward surface 114a. Likewise, the radially outward surface of fin 28a is in close 
communication with radially inward surface 1 12a. As the rotors 24 and 22 continue to rotate to a 
position shown in FIG. 5. when the toe surface 64 of the toe portion 58 engages the radially 
inward portion of forward surface 32a the pressure chamber 148 is now substantially sealed 
without the assistance of radially outward surface 1 14a. 

Please replace paragraph 0079 with the following rewritten paragraph. 

[0079] There will now be a discussion of how air enters into the semi chamber regions 42 
of the outer rotor 22. In the external combustion engine embodiment discussed fiirther herein 
below, it is desirable to have gas that contains oxygen (e.g. air) without other contaminants such 
as the exhaust fi-om the combustion chamber 231 (FIG. 12). Therefore, as seen in FIG. 1, as the 
outer rotor 22 rotates in the direction indicated by arrow 151. The air is drawn in through the 
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entrance region 100. The entrance region 100 comprises glide surface 452a 152 having generally 
downward slope in the radial outward and tangentially clockwise direction. As discussed above, 
the rotations per minute of the outer rotor 22 are in the order of magnitude in the thousands to 
hundreds of thousands with certain materials in certain configurations. At this high-speed air 
channeled through the entrance region 100 is "pre-compressed" into the semi chambers 42. The 
compression at this phase is similar to a centrifugal compressor. When the rearward fin 28 of 
semi chamber 42 passes the position 154 (FIG. 3) the semi chamber is now substantially sealed 
and ready for the gas contained therein to pass to the high compression region 106. 

Please replace paragraph 0089 with the following revmtten paragraph. 

[0089] The increase in volume of gas is accommodated by providing expansion chambers 
in the first and second rotor assemblies 221 and 223. As seen in FIG. 13, there is shown a cross- 
sectional view of the second rotor assembly 223. The forward tangential surface area 271c of the 
fin 228c is indicated by distance 273 (where the distance in the longitudinal direction is the same 
for all surfaces discussed below hence the distance in the radial direction is proportional to the 
corresponding surface areas). The rearward tangential surface area 275b is indicated by distance 
277. Therefore, the tangential force upon the outer rotor 222 fi*om the pressure in the semi 
chamber 240b will be in the clockwise direction. The magnitude of this substantially tangential 
force is a fimction of distance 273 minus distance 277 multiplied by the depth of the fins 222 
muhiplied by the pressure within the exit chamber region 325 334. The radially differential 
distance is defined as distance 273 minus distance 277. A likewise analysis could be connected 
on semi chamber 240a where distance 279 is greater than distance 281 to provide a tangential 
force/pressure differential in the clockwise direction. This analysis is illustrative of the pressure 
scheme to provide a torque on the external rotor 222. 

Please replace paragraph 0090 with the following rewritten paragraph. 

[0090] As the outer rotor 222 rotates in the clockwise direction the gas housed in the semi 
chambers 240 is expelled out the discharge region 274. Therefore as seen in FIG. 13 the pressure 
in semi chamber 240d is atmospheric or very close thereto , and th e pr e ssur e in s e mi chamb e r 
2 4 0o is that th e e ntranc e r e gion 302 . The pressure difference upon the fin 228d causes a 
substantial pressure force causing a clockwise rotation of the outer rotor 222. 
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Please replace paragraph 0091 with the following rewritten paragraph. 

[0091] The compression chamber 348 has a coimter clockwise torque applied upon fin 
228p. The counter clockwise torque is a fimction of the surface area indicated by distance 283. 
Even though the pressure in entrance passage 534 325 is less than the pressure in the 
compression chamber 348, the net surface area in the tangential direction for the outer rotor 222 
is greater and hence the differential tangential surface area is greater in the clockwise direction 
and hence the gas exiting the combustion chamber 271 can self-propel the rotor assembly 221 . 

Please replace paragraph 0093 with the following rewritten paragraph. 

[0093] FIG. 14 shows a variation of the second embodiment where the exit assembly 233 
further comprises a hot blow conduit 285 where a portion of the exhausting gas from the 
combustion chamber 231 is expelled and used for work. An additional modification of the 
apparatus shown in FIG. 12 is the depth of the second rotor assembly 223 is reduced. Therefore 
distance 259a is less than distance 259 of FIG. 10. This results in a lower volume of the semi 
chambers 267. The semi chambers 267 require less volume because a portion of the output post 
combusted gas is directed to hot blow conduit 285. Hence, the main function of the second rotor 
assembly is to supply a clockwise torque to assist in compressing the air in the compression 
chambers 300 348 (see FIG. 13) o f the first rotor assembly to supply compressed air to the 
extemal combustion system 227. Altematively, the second rotor assembly 223 could be removed 
entirely and only the first rotor assembly 221 would provide less compressed air to the extemal 
combustion system 227. Then all of the exiting gas fi-om the extemal combustion system 227 
could be used for a "hot blow" for work output. 

Please replace paragraph 0102 with the following rewritten paragraph. 

[0102] There is now a description of the forward and rearward surfaces 332 and 334 of 
the fins 328. The analysis of the forward and reward surfao e o 322 and 33 ^ forward and rearward 
surface 332 and 334 is very similar to the analysis of surfaces 32 and 34 of the first embodiment 
discussed above referring to FIGS. 9-10. The main difference in the third embodiment is the 
point 386 is located on the radially outward surface 360, whereas in the first embodiment the 
point 86 is located a distance radially inward firom the radial outward surface 60. 
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Please replace paragraph 0133 with the following rewritten paragraph. 

[0133] The preferred embodiment as shown in FIGS, 18-29 can be used with a gas 
expander in a similar maimer as shown in FIGS. 12, 14, and 15 with the routing of gas from the 
housing 530 225 to and from the combustor. The preferred embodiment could fiirther be used as 
a positive displacement flow meter where the volume displacement per revolution is a known 
value and a rotational counter is used to measure the flow rate or total flow. 

Please replace paragraph 0155 with the following rewritten paragraph. 

[0155] FIG. 31b shows the surfaces now with the inner reference circle 482 rotated 
positively approximately 20-30 degrees clockwise. Now both arcs 462' and 464* are engaging the 
surfaces 434 and 342 432 respectively. This figure illustrates how the present invention allows 
for engagement to occur between the inner and outer rotor for more than a single point or 
rotation. In other words, the surfaces that are defined by the arcs 462' and 464' will engage the 
surface of either side of the fin for a rotational period or duration (i.e. a rotational range such as 
thirty degrees of rotation of the inner rotor). As shown in FIG. 31c where the rotation of the outer 
radius 482 is at bottom dead center the arcs are still in engagement; however, as shown in FIG. 
3 Id the toe arc 464' is beginning to interfere with the surface. Now referring back to FIG. 29 it is 
shovm that the foot 452b is just clearing the fin 428b. As discussed above second engagement 
surface 464 of the toe only uses the lower portion of the arc 464' because as seen in FIG. 3 Id if 
the upper portion is used it will interfere with the fin 428. 
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